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(54) Head-mounted display device 

(57) In a head-mounted display device, image dis- 
play light emitted from a display device (11, 111) is 
directed towards the eye of an observer (2, 102) by 
changing the light path thereof by means of an optical 
system (13, 113). The display device (11, 111), optical 
system (13, 113) and a drive signal generating device 
(14, 114) for the display device (11, 111) are worn on 
the head of the observer (2, 1 02) by means of a holding 
member (3, 103). This optica! system (13, 113) is posi- 
tioned in front of the display device (11, 111) emitting 
display light in a forward direction from a position sepa- 
rated radially from the visual axis of the observer (2, 
102) when looking straight ahead. The drive signal gen- 
erating device (14, 114) is located in a position sepa- 
rated radially from the visual axis with an interval from 
the display device (11, 111) and optical system (13, 
113). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a head- 
mounted display device whereby an image display sec- 
tion can be worn on the head of an observer. 

DESCRIPTION OF RELATED ART 

[0002] A head-mounted display device enables vari- 
ous information to be displayed in a simple manner, by 
means of a small, lightweight display device worn on the 
head of an observer. 

[0003] Conventionally, the display device and a device 
for generating drive signals for the display device are 
combined directly. Furthermore, the display device and 
an optica! system, which changes the light path in order 
to direct display light emitted from the display device 
towards the observer's eye, are also combined directly. 
In other words, the display device, optical system and 
drive signal generating device are located in a concen- 
trated fashion in front of the observer's eye. For this rea- 
son, there have been problems in that the weight of the 
device has an unbalancing effect on the observer, 
thereby reducing the wearing comfort. 
[0004] Consequently, it has been thought that the 
weight balance of the device can be improved by cou- 
pling the display device and optical system directly and 
positioning the driving circuit beside the side of the 
observer's head. However, if the display device and opti- 
cal system are coupled together directly in front of the 
observer's eyes, then a problem arises in that the 
observer's field of vision is restricted by the display 
device. 

[0005] It is an object of the present invention to pro- 
vide a head-mounted display device which is capable of 
resolving the foregoing problems. 

SUMMARY OF THE INVENTION 

[0006] The present invention is a head-mounted dis- 
play device, wherein a display device for emitting image 
display light, an optical system for changing the light 
path of the display light in order to direct the light 
towards the eye of an observer, and a drive signal gen- 
erating device for the display device, are worn on the 
head of the observer, characterized in that the display 
device is located in such a manner that the display light 
is emitted in a forward direction from a position sepa- 
rated radially from the visual axis of the observer when 
looking straight ahead; the optical system is located in 
front of the display device with an interval; and the drive 
signal generating device is located in a position that is 
separated radially from the visual axis and separated 
with an interval from the display device and optical sys- 
tem. 

[0007] According to the constitution of the present 



invention, the image display light emitted from the dis- 
play device travels in a forward direction from a position 
separated radially from the visual axis of the observer 
when looking straight ahead, whereupon the light path 
5 of the display light is changed by the optical system and 
directed towards the eye of the observer. Thereby, an 
image is seen by the observer. 

[0008] Since the display device, optical system and 
drive signal generating device are mutually separated 

10 by intervals, it is possible to prevent the weight of the 
device from having an unbalancing action on the 
observer. Moreover, since the display device and drive 
signal generating device are located in positions sepa- 
rated radially from the visual axis of the observer look- 

15 ing straight ahead, it is possible to prevent restriction of 
the observer's field of vision. 

[0009] In cases where a circuit is required for driving 
the display device in accordance with signals transmit- 
ted from the drive signal generating device, this drive 

20 circuit can be integrated with the display device, or it can 
be integrated with the drive signal generating device, or 
it can be formed separately from both of these ele- 
ments. In cases where a liquid crystal display panel with 
a back light is used for the display device, for example. 

25 then the driving circuit can be a driver for driving the liq- 
uid crystal display element. 

[0010] If a circuit is required for lighting the light 
source for the image display light emitted from the dis- 
play device in accordance with signals transmitted from 

30 the drive signal generating device, then this lighting cir- 
cuit can be integrated with the display device, or it can 
be integrated with the drive signal generating device, or 
it can be formed separately from both of these ele- 
ments. If a liquid crystal display panel with back light is 

35 used as the display device, for example, then the light- 
ing circuit is a back light lighting circuit. 
[001 1 ] Desirably, the display device is located directly 
below the visual axis. 

[0012] Thereby, it is possible to position the display 

40 device as closely as possible to the face of the observer, 
directly below the observer's eye. Consequently, it is 
possible almost completely to prevent any restriction of 
the observer's field of vision due to the display device. 
[001 3] Desirably, the optical system is coupled to the 

45 display device by means of a coupling member, in such 
a manner that the light path of the display light is 
changed directly bel^w the visual axis. Thereby, any 
restriction of the observer's field of vision due to the 
optical system and coupling member can be reduced. 

so [0014] Desirably, the drive signal generating device is 
located behind the display device with an interval, 
beside the side of the head of the observer. 
[0015] Thereby, the field of vision of the observer is 
not restricted by the drive signal generating device. 

55 Moreover, when the display device and optical system 
are positioned directly below the observer's visual axis, 
then it is possible to prevent more reliably any unbalanc- 
ing effect on the observer due to the weight of the 
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device of the present invention. 
[0016] Desirably, the display light is directed towards 
one eye of the observer; a housing for covering the drive 
signal generating device is coupled to the holding mem- 
ber beside the side of the head of the observer; the opti- s 
cal system is connected to the display device in such a 
manner that it is located in a position separated radially 
from the visual axis; and the display device is movably in 
a spherical plane relative to the housing covering the 
drive signal generating device, in front of the face of the 10 
observer. According to this constitution, it is possible to 
move the display device along a spherical plane with 
respect to the drive signal generating device, in front of 
the observer's face. By means of this movement, the 
display device and optical system can be rotated about 15 
axes running in the vertical direction and lateral direc- 
tion of the observer's head, at the least. Thereby, it is 
possible to adjust the direction of travel of the image dis- 
play light whose light path is changed by the optical sys- 
tem. Consequently, an image can be formed in a 20 
position suitable for viewing by any observer, even if 
there is wide variation between the shapes of different 
observers' heads. Moreover, since the display device 
can be moved in front of the observer's face, fine adjust- 
ment of the image position can be carried out readily. 25 
[001 7] Desirably, the housing covering the drive signal 
generating device is coupled movably in a spherical 
plane to the holding member, beside the side of the 
head of the observer. Thereby, the drive signal generat- 
ing device can be moved in spherical plane with respect 30 
to the holding member, beside the side of the observer's 
head, and moreover, the display device can be moved in 
a spherical plane with respect to the drive signal gener- 
ating device, in front of the observer's face. Conse- 
quently, fine adjustment of the image position can be 35 
carried out swiftly. 

[0018] Desirably, the holding member comprises left 
and right side head pads which press against the left 
and right sides of the head of the observer in the 
regions surrounding the ears, and left and right holders 40 
for holding the pads, openings being formed in the 
center of the pads and the center of the holders, in such 
a manner that the ears of the observer is exposed. 
[0019] Since the movement of the holding member 
with respect to the head is restricted by means of the 45 
holding member pressing against the head via the left 
and right side head pads, it is possible to prevent occur- 
rence of shaking in the display device or optical system, 
thereby preventing degradation of viewing characteris- 
tics. Since the left and right side head pads press so 
against the regions of the head surrounding the ears, 
the position restricting the movement of the holding 
member with respect to the head covers a broader 
range than cases where the aforementioned pads press 
against the ears. Consequently, movement of the hold- 55 
ing member with respect to the head can be restricted 
more securely. Since an opening is formed in the center 
of each pad and the center of each holder, thereby 



exposing the observer's ears, the observer's hearing is 
not restricted. 

[0020] Desirably, the pads and the holders have a con- 
tinuous ring shape. Thereby, it is possible to restrict 
movement of the holding member with respect to the 
head, more securely. 

[0021 ] Desirably, the pressing force exerted via the 
pads on the left and right sides of the head in the 
regions surrounding the ears is greater in front of the 
ears than behind the ears. 

[0022] When the display device is located in front of 
the position at which the display unit and holding mem- 
ber are coupled together, and the optical system is posi- 
tioned in front of the display device, then any shaking of 
the image can be restricted more reliably by making the 
pressure exerted via each pad greater in front of the 
ears than behind the ears. 

[0023] Desirably, the holding member comprises a 
coupling section for coupling the left and right holders; 
the holders are each coupled to the coupling section, 
swingably about an axis in the vertical direction; and 
pressing sections for pressing against the holders via 
elastic members are provided on the coupling section, 
in such a manner that an elastic force is imparted caus- 
ing the front side of each holder to swing towards the 
side of the head of the observer. 
[0024] Thereby, the pressure exerted via each pad 
can be made greater in front of the ears than behind the 
ears, by the action of elastic force. Furthermore, by 
means of a swinging movement of the holders, each 
pad can be made to follow the shape of the observer's 
head. Therefore, shaking of the image can be restricted 
reliably, even if there are individual differences in head 
shape. 

[0025] Desirably, there is provided means for impart- 
ing an elastic force which narrows the interval between 
the left and right holders behind the ears of the 
observer. Thereby, the pads can be prevented from 
moving away from the head in the region behind the 
ears, even if the pressure exerted via the pads is greater 
in front of the ears than behind the ears. Consequently, 
shaking of the image can be restricted more reliably. 
[0026] Desirably, left and right upper head pads 
pressed against the left and right upper portions of the 
head of the observer are coupled to the coupling sec- 
tion. Thereby, movement of the holding member with 
re >pect to the head can be restricted more reliably. 
[0027] According to the present invention, it is possi- 
ble to provide a head-mounted display device wherein 
any restriction of the observer's field of vision is pre- 
vented and wearing comfort is improved, thereby reduc- 
ing visual fatigue in the observer and fatigue due to the 
weight of the device. Moreover, it is possible to provide 
a head-mounted display device which ensures a suffi- 
cient field of view, reduces the burden on the observer, 
and enables fine adjustment of the position where dis- 
play images are formed to be carried out readily and 
swiftly. Moreover, shaking of images can be restricted, 
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thereby improving viewing characteristics, without 
restricting the observer's hearing. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 is a diagram showing a head-mounted dis- 
play device according to a first embodiment of the 
present invention in an in-use state; 
Fig. 2 is a partial oblique diagram of the head- 
mounted display device according to the first 
embodiment of the present invention; 
Fig. 3 is a diagram illustrating the action of the 
head-mounted display device according to the first 
embodiment on the present invention; 
Fig. 4 is a dissembled diagram of the head- 
mounted display device according to the first 
embodiment of the present invention; 
Fig. 5 is a diagram illustrating the constitution of the 
head-mounted display device according to the first 
embodiment of the present invention; 
Fig. 6 is an oblique view of a head-mounted display 
device according to a second embodiment of the 
present invention; 

Fig. 7 is a plan view of the head-mounted display 
device according to the second embodiment of the 
present invention; 

Fig. 8 is a partial sectional view of the head- 
mounted display device according to the second 
embodiment of the present invention; 
Fig. 9 is a dissembled oblique diagram of principal 
parts of the head-mounted display device accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 10 is a sectional view of principal parts of the 
head-mounted display device according to the sec- 
ond embodiment of the present invention; 
Fig. 11 is a sectional view along XI-XI in Fig. 10; 
Fig. 12 is a front view of the head-mounted display 
device according to the second embodiment of the 
present invention; 

Fig. 13 is a side view of the head-mounted display 
device according to the second embodiment of the 
present invention; 

Fig. 14 is a dissembled oblique view of the head- 
mounted display device according to the second 
embodiment of the present invention; 
Fig. 15 is a partial sectional view of the head- 
mounted display device according to the second 
embodiment of the present invention; and 
Fig. 16 is a diagram illustrating the action of the 
head-mounted display device according to the sec- 
ond embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0029] Below, embodiments of the present invention 
5 are described with reference to the drawings. 

(First embodiment) 

[0030] The head-mounted display device according to 
io the first embodiment illustrated in Fig. 1 to Fig. 4 com- 
prises a holding member 3, which can be worn on the 
head of an observer 2, and a display section 4 which is 
held by this holding member 3. In the head-mounted 
display device 1 according to this embodiment, the 
15 observer 2 is able to see an image in one eye only. 
Alternatively, it is possible to adopt a head-mounted dis- 
play which enables the observer 2 to see an image in 
both eyes. 

[0031] In this embodiment, the rrotdingmember 3 is a 

20 band shape which fits around the head of the observer 
2 by elastic force. In this case, the holding member 3 
can press against the observer's head via pads, or the 
like, in order to prevent the holding member 3 from slip- 
ping with respect to the head. This holding member 3 

25 can be of any shape, provided that it can be worn on the 
observer's 2 head, for example, it can be a helmet 
shape. In the present invention, the term "head" refers 
to the portion of the body from the neck region upwards, 
including the face. 

30 [0032] The display section 4 comprises a display 
device 1 1 for emitting image display light in a forward 
direction away from the observer 2; a pair of left and 
right arms (connecting members) 12 which extend from 
the front lower edge of the display device in a forward 

35 direction away from the observer 2; an optical system 
13 attached to the tips of both arms 12; a drive signal 
generating device 14, described hereinafter, for driving 
the display device 1 1 ; and a housing 15 for covering this 
drive signal generating device 14. By this means, the 

40 display device 11, optical system 13 and drive signal 
generating device 14 can be worn on the head of the 
observer 2 via the holding member 3. 
[0033] The display device 1 1 has a transparent type 
liquid crystal display panel 21 and a back light 22. In this 

45 embodiment, an X-axis driver and a Y-axis driver are 
integrated with the liquid crystal display panel 21 . The 
X-axis driver and Y-axis driver drive the liquid crystal 
display elements in accordance with driving signals 
transmitted from the drive signal generating device 14. 

so In the present embodiment, a fluorescent tube is used 
to constitute the back light 22. A lighting circuit for apply- 
ing a high voltage to the fluorescent tube is incorporated 
with the back light 22. This lighting circuit is constituted 
by an inverter 23 comprising a switching circuit and a 

55 voltage-raising transformer. The display device 1 1 and 
inverter 23 are covered by a cover 24. This cover 24 is 
formed by two members 24a, 24b which are coupled 
together by means of screws 24c. The liquid crystal dis- 
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play panel 21, back light 22 and inverter 23 are held 
between the two members 24a, 24b. An emission win- 
dow 24a' for image display light emitted from the liquid 
crystal di spray panel 21 is formed in one of the mem- 
bers 24a. 

[0034] The optical system 13 is constituted by optical 
elements, such as a combiner, fully reflective mirror, or 
the like. This optical system 13 changes the light path of 
the image display light emitted from the aforementioned 
liquid crystal display panel 11a, in order that the light is 
directed towards the eye of the observer 2. When the 
optical system 13 is constituted by a combiner, then 
since it allows the light in front of itself to pass and travel 
to the eye of the observer 2, the observer 2 is able to 
see both an image and the real objects located in front 
of him or her. The combiner can comprise a half-mirror 
or hologram element, or the like. When a half-mirror is 
used, the light path of the image display light is changed 
by reflection, and when a hologram element is used, the 
light path of the image display light is changed by dif- 
fraction The optical system 13 can also be constituted 
by a plurality of optical elements. The aforementioned 
arms 12 are coupled swingably about a lateral axis at 
the bottom edge of the cover 24, as indicated by the 
arrow in Fig 3, in such a manner that the direction of 
travel of the display light whose path is changed by the 
optical system 13 can be changed and adjusted. 
[0035] As illustrated in Fig. 4, the aforementioned driv- 
ing signal generating device 14 comprises a substrate 
3i fixed to the aforementioned housing 15, and a signal 
processing circuit provided on this substrate 31. The 
signal processing circuit is connected via cables 27, 28 
to a display panel 21 and an inverter 23, and it is also 
connected via a cable 29 to a video signal generator 
(omitted from drawing). No particular restrictions apply 
to the constitution of this video signal generator, pro- 
vided that it is capable of generating video signals. 
[0036] The housing 15 is formed by two members 
14a, 14b, which are coupled together by means of 
screws 14c, and it is integrated with the aforementioned 
holding member 3 and coupled with the cover 24 of the 
aforementioned display device 1 1 by means of a cou- 
pling member 51. This coupling member 51 is consti- 
tuted by a tubular member which covers the 
aforementioned cables 27 and 28, and also flexible in 
order that the relative angle between the housing 15 
and the cover 24 can be adjusted. 
[0037] In order to generate driving signals, in the 
present embodiment, the signal processing circuit proc- 
esses an analogue RGB signal and synchronizing sig- 
nals. Fig. 5 shows a functional block diagram of a drive 
signal generating device 14. Specifically, an R signal 
(red), G signal (green), and B signal (blue) constituting 
the video signal are converted to an appropriate signal 
amplitude by a video receiver 41 , and adjustments to 
contrast, gamma correction, and the like, are made by 
means of an image quality adjusting circuit 42. 
[0038] The horizontal and vertical synchronizing sig- 



nals contained in the video signal are converted to 
appropriate signal voltages (H-sync, V-sync) by a sync 
receiver 43 and then input to a timing generator 44. 
[0039] The timing generator 44 generates a Video 
5 Invert Clock, Sampling Pulse, BL Pulse (back light light- 
ing pulse), and Drive Clocks for the liquid crystal display 
panel 21 , on the basis of a dot clock output by a PLL cir- 
cuit 45. 

[0040] The RGB signal output by the image quality 

io adjusting circuit 42 is converted to a signal amplitude 
suitable for input to the liquid crystal display panel 21 by 
an RGB driver 46, in accordance with the image inver- 
sion clock input by the timing generator, and it is then 
phase-expanded by a sample hold circuit 47 in timing 

75 with a sampling pulse, and input to the liquid crystal dis- 
play panel 21 . This phase expansion is generally carried 
out in accordance with the image input characteristics of 
the liquid crystal display, and in liquid crystal display 
panels showing high- resolution image signals, for 

20 example, the image signal is often expanded into a 4- 
phase to 6-phase signal. In liquid crystal display panels 
showing relatively low-resolution image signals, such as 
NTSC signals, or the like, phase expansion is unneces- 
sary, and in such cases, the sample hold circuit 

25 becomes obsolete. 

[0041 ] The timing generator 44 outputs clocks for driv- 
ing the liquid crystal display panel 21, in the form of an 
X-axis drive signal (X-Drive Clock) transmitted to the X- 
axis driver, and a Y-axis drive signal (Y- Drive Clock) 

30 transmitted to the Y-axis driver. 

[0042] The X-axis drive signal, Y-axis drive signal and 
the phase-expanded RGB signal are input to the X-axis 
driver and Y-axis driver of the liquid crystal display panel 
21 . An image is displayed by means of the liquid crystal 

35 display elements in the liquid crystal display panel 21 
being moved by these drivers. 

[0043] The back light lighting pulse output by the tim- 
ing generator 44 is converted by a lighting pulse adjust- 
ing circuit 48 to a suitable pulse duty or pulse cycle 

40 (lighting and extinguishing cycle) according to the 
brightness setting of the back light 22, and the con- 
verted pulse is then input to the inverter 23. Thereby, the 
back light 22 is lit and image display light is emitted from 
the liquid crystal display panel 21 . 

45 [0044] In other words, the drive signal generating 
device 14 generates signals transmitted to the X-axis 
driver, the Y-axis driver and the inverter 23, as driving 
signal for the display device 1 1 . 

[0045] The X-axis driver and Y-axis driver can be con- 
so stituted separately from the liquid crystal display panel 
21 , and furthermore, the inverter 23 can be constituted 
separately from the back light 22, and located in the 
housing 15. 

[0046] The constitution of the signal processing circuit 
55 is not limited to that described above, and any constitu- 
tion suited to a display device and image signal can be 
adopted. 

[0047] In a state where the aforementioned head- 
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mounted display device 1 is being worn by the observer 
2, as illustrated in Fig. 3, the display device 11 is posi- 
tioned in front of the observer's face, and display light L 
is emitted in a forward direction from a position which is 
separated radially from the visual axis P of the observer 5 
2 when looking straight ahead. Therefore, the display 
device 11 is located between the left and right-hand 
sides of the observer's head in a position directly below 
the visual axis P of the observer 2. The optical system 
13 is located in front of the display device 11 with an 10 
interval. Thereby, the optical system 13 changes the 
light path of the display light L at a position between the 
left and right-hand sides of the observer's head and also 
directly below the observer's visual axis P. The drive sig- 
nal generating device 14 described above is located in 15 
a position which is separated radially from the visual 
axis P, and separated with an interval from behind the 
display device 1 1 , in other words, a position beside the 
side of the observer's 2 head. Cushioning members, 
such as sponge, rubber, or the like, can be provided on 2 o 
the section of the housing 15 which faces to the 
observer's ears. 

[0048] According to the foregoing constitution, the 
image display light L emitted from the display device 1 1 
travels forwards from a position separated radially from 25 
the visual axis of the observer 2 looking straight ahead, 
whereupon the light path thereof is changed by the opti- 
cal system 13 and it is directed towards the eye of the 
observer 2. Thereby, the observer 2 sees an image. In 
the present embodiment, the plane containing the cen- 30 
tral axis of the light path of the image display light L and 
the aforementioned visual axis P lies in a vertical plane. 
Since the display device 1 1 , the optical system 13 and 
the drive signal generating device 14 are separated 
from each other by intervals, it is possible to prevent the 35 
weight of the device 1 from having an unbalancing effect 
on the observer 2. Since the display device 1 1 and drive 
signal generating device 14 are located in a position 
which is separated radially from the visual axis P, it is 
possible to prevent restriction of the observer's 2 field of 40 
vision. In particular, by positioning the display device 1 1 
directly below the visual axis P, the display device 1 1 
can be brought as close as possible to the face of the 
observer 2, in a position directly below the observer's 2 
eye. Thereby, it is possible to prevent, almost com- 45 
pletely, any restriction of the observer's 2 field of vision 
due to the display device. The optical system 13 is cou- 
pled to the display device 1 1 by means of the arms 12 
directly below the visual axis P, in such as manner that 
the light path of the display light L can be changed so 
thereby. Therefore, it is possible to prevent any restric- 
tion of the observer's 2 field of vision by the optical sys- 
tem 13 and arms 12. Since the drive signal generating 
device 14 is located beside the side of the observer's 2 
head, there is no restriction of the observer's 2 field of 55 
vision by the drive signal generating device 14, and 
moreover, in this case where the display device 1 1 and 
optical system 13 are located directly below the visual 



axis P, it is possible reliably to prevent the weight of the 
device 1 from having an unbalancing effect on the 
observer 2. 

(Second embodiment) 

[0049] The head-mounted display device 101 accord- 
ing to a second embodiment illustrated in Fig. 6 and Fig. 
7 comprises a holding member 103 which is worn on 
the head of an observer 102, and a display unit 104 
which is coupled to the holding member 103 beside one 
side of the observer's 102 head. 
[0050] The holding member 103 comprises left and 
right side head pads 151, left and right holders 152, a 
coupling section 153, a rear head belt 155 and left and 
right upper head pads 1 56. The left and right side head 
pads 151 press against the left and right sides of the 
head of the observer 102, in the regions surrounding the 
ears. The left and right holders 152 hold the respective 
side head pads 151. The coupling section 153 couples 
the left and right holders 152. The left and right upper 
head pads 1 56 are coupled together by the coupling 
section 153 and they press against the left and right 
upper parts of the head of the observer 102. The rear 
head belt 155 is positioned at the rear of the head and 
is coupled to the two holders 1 52. 
[0051] The coupling section 153 is constituted by a 
pair of bands 1 53a, which are located above the top of 
the head and separated to each other by an interval in 
the longitudinal (front/back) direction of the head, and 
left and right coupling plates 153c which are integrated 
with the respective ends of the both bands 153a By 
coupling the left and right holders 152 together by 
means of this coupling section 1 53, the interval between 
the left and right side pads 151 can be made smaller 
than the width of the head of the observer 102. This 
interval between the left and right side head pads 151 
can be enlarged by elastic deformation of the bands 
153a. Thereby, it is possible to make the left and right 
side head pads 151 press against the left and right side 
of the observer's 102 head in the region of the ears, by 
means of the elastic force generated by the elastic 
deformation of the bands 153a. 

[0052] The display unit 104 comprises a display 
device 1 1 1 covered by a casing 124, an optical system 
1 13, a coupling member 1 12 for connecting the display 
device 1 1 1 with the optical system 113, and a drive sig- 
nal generating device 114 for the display device 111, 
and can be worn on the head of the observer 102 by 
means of the holding member 103. The display device 
1 1 1 emits image display light in a forward direction, from 
a position in front of a point at which the display unit 1 04 
are connected with the holding member 103. The opti- 
ca! system 113 changes the path of the image display 
light in front of the display device 1 1 1 , in order that the 
image display light emitted from the display device 1 1 1 
is directed towards one of the eyes of the observer 1 02. 
[0053] The display device 1 1 1 can be constituted by a 
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commonly known liquid crystal display with a back-light, 
for example. This display device 1 1 1 emits image dis- 
play light in response to drive signals transmitted from 
the drive signal generating device 1 14 via a cable 129. 
[0054] The coupling member 112 extends from the 5 
lower portion of the casing 1 24 of the display device 1 1 1 
in a forward direction away from the observer 102. The 
optical system 113 is attached to the front end of the 
coupling member 1 12. 

[0055] The optical system 1 1 3 can be constituted by a 10 
single optical element, such as a combiner, fully reflec- 
tive mirror, or the like. If a combiner is used for the opti- 
cal system 113, then since it transmits light coming from 
the forward direction and allows the light to reach the 
observer's 102 eye, the observer is able to see both the is 
image and any real objects located in front of him or her. 
The combiner can be constituted by a half-mirror or a 
hologram element. When a half mirror is used, the light 
path of the image display light is changed by reflection, 
and when a hologram element is used, the light path of 20 
the image display light is changed by diffraction. Prefer- 
ably, the reflective surface of the optical element 113 is 
aspherical, in order that an image can be formed 
cleanly at a position that is distant from the observer's 
102 eye. 25 
[0056] The drive signal generating device 1 14 is con- 
nected to an video signal generator (omitted from draw- 
ings) via a cable 129, and comprises a circuit for 
generating drive signals for the display device 1 1 1 in 
accordance with the video signals from the video signal 30 
generator, and the circuit is covered by a housing 115. 
The cable 129 can be held by a cable clamp 159 
attached to the holder 152. No particular restrictions 
apply to the constitution of the video signal generator, 
provided that it is capable of generating video signals, 35 
and it can, for example, be constituted by a computer 
which outputs video signals. The related circuitry is con- 
stituted similarly to that in the first embodiment 
[0057] The housing 115 is coupled to the holding 
member 103 beside one side of the observer's 102 40 
head, in such a manner that it can move in a spherical 
plane. Specifically, the coupling mechanism 1 70 com- 
prises a receiving member 1 72 which is connected to 
the holding member 103, a joining member 173 which is 
integrated with the aforementioned housing 115, a 45 
retainer 174, a compression coil spring 175, and a 
spring pressure plate 176. The receiving member 172 is 
a ring shape having a center hole 1 72a. One side of the 
receiving member 172 is formed into a receiving mem- 
ber-side first sliding face 1 72b consisting of a portion of so 
a spherical face. Furthermore, the other side of the 
receiving member 172 is formed into a receiving mem- 
ber-side second sliding face 172c consisting of a por- 
tion of a spherical face which is concentric with the 
aforementioned spherical face. The surface of the join- 55 
ing member 173 is formed into a joining member-side 
sliding face 173a consisting of a portion of a spherical 
face which is concentric with the aforementioned spher- 



ical face. A column section 173b is formed on this join- 
ing member-side sliding face 1 73a. The central axis of 
this column section 1 73b passes through the center of 
the spherical faces. One side of a retainer 1 74 is formed 
into a retainer-side sliding face 1 74a consisting of a por- 
tion of a spherical surface which is concentric with the 
aforementioned spherical surface. The retainer 174 
comprises a center hole 174b, and a spring insertion 
cavity 174c surrounding this center hole 174b. The 
spring pressure plate 176 comprises a tubular section 
176a and a flange section 1 76b on one end of the tubu- 
lar section 176a. The aforementioned column section 
173b passes through the center hole 172a in the receiv- 
ing member 172, the center hole 174b in the retainer 
174, and the tubular section 176a of the spring pressure 
plate 176. When the compression coil spring 175 is 
inserted into the spring insertion cavity 174c of the 
retainer 174, it is prevented from coming loose by 
means of the flange section 1 76b of the spring pressure 
plate 176. The spring pressure plate 176 is fixed to the 
column section 173b by means of a screw 178. The 
diameter of the center hole 172a of the receiving mem- 
ber 1 72 is formed sufficiently larger than the diameter of 
the tubular section 176a of the spring pressure plate 
176, in order that the aforementioned housing 115 is 
able to move in a spherical plane. Due to the elastic 
force of the spring 175, the retainer-side sliding face 
174a is pressed against the receiving member-side sec- 
ond sliding face 172c, and the receiving member-side 
first sliding face 172b is pressed against the joining 
member-side sliding face 173a. Thereby, the joining 
member 1 73 is able to move in a spherical plane relative 
to the receiving member 172, by means of the sliding 
faces 1 73a, 1 72b, 1 72c, 1 74a, under the action of suita- 
ble frictional force. Therefore, it is possible to rotate the 
display unit 104 about axes in the vertical direction, lat- 
eral direction, and longitudinal direction of the 
observer's head. 

[0058] The display device n 1 is coupled to the afore- 
mentioned drive signal generating device 1 14 via a con- 
necting mechanism 160 in front of the observer's 102 
face, in such a manner that it can move in a spherical 
plane. Specifically, as illustrated in Fig. 9 to Fig. 1 1, the 
connecting mechanism 160 comprises a pair of con- 
necting plates 161a and 161b. Each of the connecting 
plates 161a, 161b comprises a plurality of approxi- 
mately U-shaped plate-like guide sections 161 a', 161b', 
and coupling sections 161a", 161b" of these guide sec- 
tions 161a', 161b'. In both of the connecting plates 
161a, 161b, these plate-like guide sections 161a', 161b' 
are aligned in parallel and spaced at intervals with 
respect to each other. The aforementioned housing 115 
is approximately L-shaped in plan view, so that it has 
portion opposite to the observer's 102 face and portion 
opposite to one side of the observer's 102 head. The 
front end region of the housing 1 1 5 is formed into a 
receiving section 115a. The coupling sections 161a", 
161b" of the aforementioned connecting plates 161a, 
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161b fit together with this receiving section 1 15a. In this 
way. the guide sections 161a' of one of the connecting 
plates 161a and the guide sections 161b' of the other of 
the connecting plates 161b are aligned alternately such 
that they hold each other in an interleaved manner. The 5 
connecting plates 1 61 a, 1 61 b are held inbetween a step 
section 1 1 5b and a front end flange 1 1 5c formed on the 
outer circumference of the housing 1 1 5. The outer faces 
of the guide sections 161a' and 161b' are spherical in 
shape. The inner face of the casing 124 of the afore- w 
mentioned display device 1 1 1 has a spherically shaped 
receiving face 124' which contacts the spherical face 
traced by the outer faces of these guide sections 161a', 
I6lb\ This casing 124 is formed by coupling together 
two members, a front and a back member 124a, 124b, 75 
by means of screws (omitted from drawing), such that 
the guide sections 161a', 161b' are held between the 
members. In this way. the receiving face 124' engages 
with the outer faces of the guide sections 161a', 161b'. 
The diameter of the sphere traced by the outer faces of 20 
the guide sections 161a', 161b* is set such that it is 
greater than the diameter of the sphere traced by the 
receiving face 124'. The two connecting plates 161a, 
1 61 b are made of an elastic material and desirably, they 
are made of a synthetic resin material, such as polya- 25 
cetal. or the like, which has self-lubricating properties 
and excellent wear characteristics. Thereby, the outer 
faces of the guide sections 161a', 161b' are pressed 
against the receiving face 124* due to the elasticity of 
the connecting plates 161a, 161b. Consequently, the 30 
display device 1 1 1 is able to move in a spherical plane 
relative to the housing 1 1 5 by means of the sliding faces 
formed in a spherical plane, under the action of a suita- 
ble fnctional force. In other words, the display device 
ill and the optical system 113 can be rotated about 35 
axes extending in the vertical direction, lateral direction 
and longitudinal direction of the observer's 102 head. It 
is sufficient when the display device 111 and optical 
system 113 are rotatable about axes extending in the 
vertical direction and lateral direction of the head of the 40 
observer 102, at the least. As shown in Fig. 10, a stop- 
per 124" is provided in the casing 124. Rotation about 
the axis running in the lateral direction is restricted to a 
certain range by contacting this stopper 124" with the 
inside of one of the U-shaped guide sections 161a'. 45 
Rotation about the axis running in the vertical direction 
and rotation about the axis running in the longitudinal 
direction is restricted to a certain range by contacting 
the casing 124 with the housing 115. 

[0059] As shown in Fig. 12 and Fig. 13, both of the so 
side head pads 151 and the holders 152 have a contin- 
uous ring shape. The pads 1 51 are attached to the inner 
sides of the holder 152. Thereby, the side head pads 

151 press against the sides of the observer's 102 head, 
such that they surround the ears completely. The center 55 
of the side head pads 151 and the center of the holders 

152 are provided with openings 200, in such a manner 
that the ears E of the observer 102 are exposed. Alter- 



natively, the side head pads 151 and the holders 152 
can also be formed, for example, in a polygonal ring 
shape. 

[0060] At least one of the thickness of the side head 
pads 151 and the thickness of the holders 152 is set in 
such a manner that the pressure surface 151a of each 
side head pad 151 follows the shape of the side of the 
head of the observer 102. Specifically, in the side 
regions of the human head surrounding the ears, there 
is a depression at the lower rear portion of the ear. 
Therefore, as shown in Fig. 12, the portion 151a' of the 
pressure surface 151 a which presses against the lower 
rear portion of the ear projects inwards further than the 
rest of the pressure surface 151a. Consequently, in the 
present embodiment, the thickness of the side head 
pads 151 is made uniform, whilst the thickness of the 
holders 152 is made greater at the lower rear portion of 
the ears than in the rest of the holders. It is also possible 
to make the thickness of the holders 1 52 unifon n, and to 
make the thickness of the side head pads 1 51 greater at 
the lower rear portion of the ears than in the rest of the 
holders. In anyway, the total thickness of the side head 
pad 151 and holder 152 in the lower rear portion of the 
ear should be greater than the total thickness of the side 
head pad 151 and holder 152 in the other regions 
thereof. 

[0061 ] The pressing force with the side head pads 1 51 
in the region surrounding the ears is greater in front of 
the ears than behind the ears. 

[0062] Specifically, as illustrated in Fig. 14, a coupling 
shaft 153d, swing restrictor 153e and column-shaped 
pressing section 153f are provided on the lower face of 
both connecting plates 153c, such that they project in a 
downward direction. 

[0063] A receiving section 152a is provided on each 
holder .152. The upper face of this receiving section 
1 52a receives the lower face of the coupling shaft 1 53d. 
A supporting hole 152b, a cavity 152c which is fan- 
shaped in plan view, and a guide hole 152d which is arc- 
shaped in plan view, are provided in this receiving sec- 
tion 152a. 

[0064] A support shaft 152e is attached to the outer 
side of each holder 152. A spring receiving plate 152f is 
coupled to this support shaft 152e, swingably about a 
vertical axis. A compression spring 152g (elastic mem- 
ber) attached to the holder 152 is sandwiched between 
the spring receiving plate 152f and the holder 152. 
[0065] The coupling shaft 153d passes rotatably 
through the supporting hole 152b, the swing restrictor 
153e fits into the cavity 152c, and the pressing section 
153f passes through the guide hole 152d. Thereby, 
each holder 152 is connected to the coupling section 
153, swingably about the coupling shaft 153d running in 
a vertical direction. The swinging range of the holder 
152 is restricted to a certain range by means of the 
swing restrictor 153e contacting the inner sides of the 
cavity 152c. As illustrated in Fig. 15, the pressing sec- 
tion 153f presses the holder 152 in front of the coupling 
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shaft 153d, via the spring receiving plate 152f and the 
spring 152g. An elastic force acts on the holder 152 by 
means of this pressing action, causing the front side of 
the holder 152 to swing towards the side of the 
observer s 102 head as shown by arrow A. Therefore, 
the force exerted by the side head pads 151 on the 
region surrounding the ears is greater in front of the 
ears than behind the ears. A retaining ring (omitted from 
diagram) is attached to the end of the coupling shaft 
1 53d, thereby preventing the holder 1 52 from becoming 
detached from the coupling section 153. 
[0066] For example, the pressure exerted via each 
side head pad 151 on the side of the head is set to a 
total of 400 to 800 gf, of which approximately 1/2 to 3/4 
is accounted for by pressure applied to the head region 
in front of the ear, and the remaining pressure is applied 
to the regions above, below and behind the ear. 
[0067] As shown in Fig. 12, the aforementioned left 
and right upper head pads 154 are attached respec- 
tively to pad receivers 156. These pad receivers 1 56 are 
attached respectively to the coupling section 153 via 
plate springs 157. The left and right upper head pads 
1 54 are pressed against the left and right upper portions 
of the head, due to the elastic force of the plate springs 
157 

[0068] The aforementioned rear head belt 155 is 
made from an elastic material, such as rubber, or the 
like, which imparts an elastic force narrowing the inter- 
val between the left and right holders 152, in the rear of 
the observer's 102 ears. As shown in Fig. 14, a slit 152h 
is formed in the rear of each holder 1 52. One end of the 
rear head belt 155 is inserted into the slit 152h in one of 
the holders 152, and the other end thereof is inserted 
into the slit 152h in the other holder 152. Each end of 
the rear head belt 1 55 is coupled to the holder 152 by 
means of a hinge shaft 158, such that it can swing in a 
vertical direction. Thereby, the position of the rear head 
belt 155 can be adjusted vertically according to the 
shape of the observer's head. This rear belt 155 also 
has the function of preventing the head-mounted dis- 
play device from falling off when the observer 102 
bends forward. 

[0069] As illustrated in Figs. 1 2 and 1 3, a receiver 1 52i 
is formed on each of the holders 152. On one side of the 
observer's 102 head, the aforementioned coupling 
mechanism 1 70 is connected detachably to one of the 
receivers 152i on one of the left and right holders 152 
via the receiving member 172, in such a manner that its 
position can be adjusted in the front/back direction. 
[0070] In the present embodiment, the drive signal 
generating device is attachable to, and detachable from, 
the holding member on either side of the head, thereby 
allowing the image to be seen with either the left eye or 
right eye. In other words, the display unit 104 can be 
connected to the holding member 103 on the other side 
of the observer's 102 head via the receiver 152i on the 
other of the left and right-hand holders 152. In this case, 
the display device 1 1 1 is inverted, so that the coupling 



position of the casing 124 with the coupling member 
112 is inverted, and the display image is also inverted. 
By this means, the observer 102 can see the image with 
his or her either eye. 

5 [0071 ] As shown in Fig. 1 6, in a state where the afore- 
mentioned head-mounted display device 101 is being 
worn by an observer 101, the aforementioned display 
device 111 is positioned in front of the observer's 102 
face, and opposes the observer's 102 face with an inter- 
ne val. The display device 1 1 1 emits display light L in a for- 
ward direction from a position separated radially from 
the visual axis P of the observer 102 looking straight 
ahead. Therefore, the display device 111 is located 
between the left and right-hand sides of the observer's 

15 102 head, in a position directly below the visual axis P. 
The aforementioned optical system 113 is located in 
front of the display device 1 1 1 with an interval, and fur- 
thermore, it is located directly below the visual axis P. By 
this means, the optical system 113 changes the light 

20 path of the image display light L in a position that is sep- 
arated radially from the visual axis P between the left 
and right-hand sides of the observers 102 head. The 
display device 111 and optical system 113 are posi- 
tioned as close as possible to the observer's 1 02 face. 

25 The aforementioned drive signal generating device 114 
is located in a position separated radially from the visual 
axis P and separated with an interval from behind the 
display device 111 and optical system 113, in other 
words, beside the side of the observer's 102 head. The 

30 image display light L emitted from the display device 
111 travels in a forward direction and the light path 
thereof is then changed by the optical system 113, 
thereby directing the light towards eye of the observer 
102. In this way, the observer 1 02 sees an image. In the 

35 present embodiment, the plane containing the central 
axis of the light path of the image display light L and the 
aforementioned visual axis P lies in a vertical plane. 
[0072] According to the constitution of the second 
embodiment, it is possible to obtain advantages similar 

40 to those afforded by the first embodiment. Furthermore, 
it is possible to move the display device 1 1 1 in a spher- 
ical plane in front of the observer's 102 face. By this 
movement, it is possible to rotate the display device 1 1 1 
and optical system 1 13 about axes running in the verti- 

45 cal direction and lateral direction of the observer's 102 
head, at the least. Thereby, it is possible to adjust the 
direction of travel of the image display light whose light 
path is changed by the optical system 1 1 3. Therefore, 
although there is wide variation between the shapes of 

so the observers' 102 heads, an image can be formed in a 
position suitable for viewing by the observer. Since the 
display device 1 1 1 is movable in front of the observer's 
102 face, fine adjustment of the position of the image 
can be carried out readily. Moreover, the housing 115 

55 can be moved in a spherical plane with respect to the 
holding member 103 in a position beside the side of the 
observer's head 1 02, whereupon the display device 1 1 1 
can be moved in a spherical plane with respect to the 
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housing 1 1 5 in front of the observer's 1 02 face. Thereby, 
fine adjustment of the position of the image can be car- 
ried out swiftly. 

[0073] Moreover, according to the constitution of the 
second embodiment, the movement of the holding 
member 103 with respect to the observer's head is 
restricted by means of the pressure applied to the sides 
of the observer's 102 head via the right and left side 
head pads 151. Accordingly, it is possible to prevent 
occurrence of shaking of the display device 1 1 1 and the 
optical system 113, thereby preventing any decline in 
viewing characteristics. Since the left and right-hand 
side head pads 151 press against the regions of the 
observer's head surrounding the ears, the position 
restricting the movement of the holding member 103 
with respect to the observer's head covers a broader 
range than when the pads press against the observer's 
ears. Since an opening 200 is formed in the center of 
each side head pad 151 and the center of each holder 
152, thereby exposing the observer's 102 ears, the 
observer's 102 hearing is not restricted. By forming 
each side head pad 151 and holder 152 into a continu- 
ous ring shape, as in the foregoing embodiment, pres- 
sure is applied to the whole region of the head 
surrounding the ear, in comparison with cases where 
the aforementioned elements are in the shape of the let- 
ter C. Therefore, it is possible to limit the movement of 
the holding member 103 with respect to the head more 
securely. 

[0074] The display device 1 1 1 is located in front of the 
position where the display unit 1 04 and holding member 
103 are coupled, and the optical system 113 is posi- 
tioned in front of the display device 1 1 1 . In this case, by 
making the pressing force exerted via the side head 
pads 151 greater in front of the ears than behind the 
ears, it is possible to restrict shaking of the image more 
reliably. Furthermore, it is possible to make the pressing 
force exerted via the side head pads 1 51 greater in front 
of the ears than behind the ears by the action of elastic 
force. Hence, by swinging movement of the holders 152 
with respect to the coupling section 153, the side head 
pads 151 can be made to follow the shape of the 
observer's head, and shaking of the image can be lim- 
ited reliably, even if there are individual differences in 
head shape. In this case, the rear head belt 155 imparts 
an elastic force narrowing the interval between the left 
and right holders 152 in the region behind the 
observer's ears 102. Consequently, it is possible to pre- 
vent the side head pads 151 from moving away from the 
observer's head in the region behind the ears, thereby 
preventing shaking of the image. Moreover, by pressing 
the left and right upper head pads 154 against the left 
and right upper portions of the observer's head, it is 
possible to restrict movement of the holding member 
1 03 with respect to the head more securely. At least one 
of the thickness of the head side pads 1 51 and the thick- 
ness of the holders 152 is set such that the pressure 
surface 151a of each side head pad 151 follows the 



shape of the side of the observer's 102 head. By this 
means also, it is possible to restrict movement of the 
holding member 103 with respect to the head more 
securely 

5 [0075] The present invention is not limited to the fore- 
going embodiments. For example, it is also possible to 
position the drive signal generating device above the 
visual axis of the observer when looking straight ahead. 
Moreover, it is also possible for the back light used in the 

10 display device to be constituted by an LED, electric bulb, 
or the like, which does not require a lighting circuit, 
instead of a cathode tube which requires a lighting cir- 
cuit. For the display device, it is also possible to use a 
self-illuminating type of display, such as a fluorescent 

is display tube, or the like, which does not require a back 
light. Furthermore, in the second embodiment 
described above, the outer faces of the guide sections 
press against receiving faces due to the elasticity of the 
connecting plates themselves. In place of this, it is a\so 

20 possible to provide an elastic member, such as a spring, 
separately, in order to create an elastic force to impart 
the aforementioned pressure. Moreover, in the second 
embodiment, it is also possible to insert earphones into 
the observer's ears via the openings in the side head 

25 pads and holders, in cases where sound information is 
supplied to the observer. 

Claims 

30 1. A head-mounted display device (1, 101) wherein a 
display device (11, 111) for emitting image display 
light, an optical system (13, 113) for changing the 
light path of the display light in order to direct the 
light towards the eye of an observer (2, 102), and a 

35 drive signal generating device (14, 1 14) for the dis- 
play device (11, 1 1 1), are worn on the head of the 
observer (2, 102), 

wherein the display device (11, 111) is located in 
such a manner that the display light is emitted in a 
40 forward direction from a position separated radially 
from the visual axis of the observer (2, 102) when 
looking straight ahead; 

the optical system (13, 1 13) is located in front 
45 of the display device (11, 111) with an interval; 

and 

the drive signal generating device (14, 114) is 
located in a position that is separated radially 
from the visual axis and separated with an 
so interval from the display device (11, 111) and 

optical system (13, 113). 

2. The head-mounted display device according to 
claim 1, wherein the display device (11, 111) is 

55 located directly below said visual axis. 

3. The head-mounted display device according to 
claim 2, wherein the optical system (13, 1 13) is cou- 
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pled to said display device (11, 111) by means of a 
coupling member (12, 1 12), in such a manner that 
the light path of the display light is changed directly 
below said visual axis. 

5 

4. The head-mounted display device according to 
claim 1 , wherein the drive signal generating device 
(14, 1 14) is located behind said display device (11, 
111) with an interval, beside the side of the head of 

the observer (2, 102). io 

5. The head-mounted display device according to 
claim 1, wherein said display light is directed 
towards one eye of the observer (102); 

15 

a housing (115) for covering said drive signal 
generating device (1 14) is coupled to said hold- 
ing member (103) beside the side of the head 
of the observer (102); 

said optical system (113) is connected to said 20 
display device (1 1 1) in such a manner that it is 
located in a position separated radially from 
said visual axis; and 

said display device (111) is movably in a spher- 
ical plane relative to the housing (115) covering 25 
said drive signal generating device (114), in 
front of the face of the observer (102). 

6. The head-mounted display device according to 
claim 5, wherein the housing (115) covering said 30 
drive signal generating device (114) is coupled 
movably in a spherical plane to said holding mem- 
ber (103), beside the side of the head of the 
observer (102). 

35 

7. The head-mounted display device according to 
claim 1, wherein the holding member (103) com- 
prises left and right side head pads (151) which 
press against the left and right sides of the head of 

the observer (102) in the regions surrounding the 40 
ears, and left and right holders (152) for holding the 
pads (151), openings (200) being formed in the 
center of the pads (151) and the center of the hold- 
ers (152), in such a manner that the ears of the 
observer (102) is exposed. 45 

8. The head -mounted display device according to 
claim 7, wherein the pads (151) and the holders 
(152) have a continuous ring shape. 

9. The head-mounted display device according to 
claim 7, wherein the pressing force exerted via the 
pads (151) on the left and right sides of the head in 
the regions surrounding the ears is greater in front 
of the ears than behind the ears. 

10. The head-mounted display device according to 
claim 9, wherein the holding member (103) com- 



prises a coupling section (153) for coupling the left 
and riqht holders (152); 

the holders (152) are each coupled to the cou- 
pling section (153), swingably about an axis in 
the vertical direction; and 
pressing sections (153f) for pressing against 
the holders (152) via elastic members (152g) 
are provided on said coupling section (153), in 
such a manner that an elastic force is imparted 
causing the front side of each holder (152) to 
swing towards the side of the head of the 
observer (102). 

11. The head-mounted display device according to 
claim 9, comprising means for imparting an elastic 
force which narrows the interval between the left 
and right holders (152) behind the ears of the 
observer (102). 

12. The head-mounted display device according to 
claim 10, wherein left and right upper head pads 
(154) pressed against the left and right upper por- 
tions of the head of the observer (102) are coupled 
to the coupling section (153). 
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